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(57) Abstract 

PROBLEM TO BE SOLVED: To provide a semiconductor 
laser having stabilized self oscillation characteristics. 

SOLUTION: An n-type GaN layer, an n-type AIGaN clad 
layer 103n, an n-type GaN optical guide layer 104n, an 
InGaN quantum well active layer 105. a p-type GaN 
optical guide layer 104p, a p-type AIGaN clad layer 
103p, a p-type GaN contact layer 105 are formed 
sequentially on an n-type SiC substrate! An InGaN 
saturable absorption layer 200 is formed in the p-type 
GaN optical guide layer 104p. In this structure, the 
saturable absorption layer is provided in the optical 
guide layer while reducing the volume. The smaller the 
volume of saturable absorption layer, the easier the 
carrier density can be increased to bring about a 
saturated state thus exhibiting significant effect of 
saturable absorption. This structure realizes stabilized 
self oscillation characteristics. 
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nMS i C»S1 0 l±lc. nSGaN 
®102, nMA 1 GaNi'^y HSl 0 3 n, nSG 
a NS^:<f-i' KS 1 0 4 n , I n G a NS^^FSttS 
105. pMGaN)t;«;-f HSl 0 4p, pSAlGa 
Ni?7>;/ h'S 1 0 3 p. pMGaNn>^';^ h@l 0 5 

**)e:^jg*r!cStiTVi-s. ps^jy-r He 1 0 4 

p I n G a N BjtasiKJRg 2 0 0 Itm^^tVZ 

Vi§. C:cD«lifif«. BI^ftlKiK@cD#:«^/jN$<-r-S 





^•^yj;?)*). 2 0~1 8 Ome V/h$ViCt?£1#?Rt 

^<t:ffv^Am<t'^iii3^mmzj:om0i^ti. ^m%m 

^y^'iOfc. 2 0~1 8 Ome V/jN$VViii:>£i|$fS;i: 

S^mtTStt^JS 7 , 8 * fctt 9 {CtH«©i|£^#:%^ 
MT; 40 

liP^riS^tJ'-^fOA 1 Ga I nN^:^^ H^t, mrt2^ 
i^'T KM^rfe^tf— 5>*©A 1 Ga I nNi^y'y KUt, St 

h-::>z.t'^^mtr^^mi^^ytm^, so 
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mt. «rS25jfflfti!RiRs±csitt^nfe^2 0pMi7 5 

5] Sttgi:, t5l2ei±»S^tfpS^7-;/ 
[lf*]Sl 6} SftMt, WIBS'f4g-h©^l©pS^ 

mt. isisfii^t&mmw.m±izm\-f ^tiftmmzf uyi/m 

comamzit. ^2©pMi7 9>v Kg*i|S;ttetiT*5 
0, wiHii2©pSi7 7';/ Kji©a^^*^ m^mmzf 

[if*«i7] ffiitei, tirfseits^js^t^pMi^^y 

»rttMPai5*iS&0. -trow ^2©pS(^7 7ry 
HBd^^tte-nT^fet). ttriH^2©pSi^7>y h*®©H 

[lt*JKi 8] «iS^S«©^frw:!?fe«c*ViT. »«© 

S:*fii*^>?v;^ h®©®:*ia*^e)ffiv^TVi-5::^ffi]^j^;:^ 

im^mi 9] S:^fi!:*i[o 0 0 i]:^r&]*^^.[ii-20];& 
[^'^.«^bTV^^igffi©-^.#ffi*)£^c:*5^^T, [11- 

[if*JS2 0] igftdt. S i CT»€.if*^l 9tC|B16 

©'sirw;^^. 

[iS*^2 1] m:^iiLmQ 0 0 i]*^?.[i 1-2 0]:^ 
xat. mtimm^ii 1-2 o]:^f^^it^ti^i)^i-fxm 

[0 0 0 1] 
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[0 0 0 23 

iKS*t7 8 0 nm©A 1 G a A s ^^mi^U—*f(D^\Z 

i7 hy"^ xi/^rjKKnRt^izmK). i^\zmm.\zf3i 

tf©SS*t^S-pT#TVi-S. 10 
[0 0 0 3] t:i^-C. ^mi^U—>fiti^v^^7.i^<Dn 

MaE^{t;^©na*«As tmm-i^-i^ a^m^fsi^'ftiz^ 

#B§¥6 -2 6 0 7 1 6#^^C5t$n^"b©*t^ 
J:©1^— tftt. S14S©x:?i;i/^-4i-\'.y:/i:KJR 

Fett®©x^;i/^-:^vyyi:Sa^#F"IiafliKiR 30 
S©-tn*<e«^L,<;S:oTV^-5. Z<Dm^lZ^-:>X& 

[0 0 0 53 

^.''ttntsi&i:i^^\z-rtntfz»mmib^4miz^u^ 
s&©»e©jgsj^sw-r^^^ 

#M^4 — 2 4 2 9 8 5-^i:^?g. 
7- 1 6 2 0 3 S^ii^^) Ttt, MiBbfcJ;^lc, l&m 

yty'^ Xi'(DW±\zm^'^Xh. 5^^X^S*->e.© 
;K*f)t©!l§M^MS©^<t;{C J; 0 3SSSI«*%^ b. ft 

[0 0 0 63 ^:i-C*%Bg«, A->H^-v-;/3^©;*:^Vi 
[0 0 0 73 50 
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nJfia^DBftitXSiettStcSiSipficP^wx^. 

}u^-^^yf=&mm-r^z.t\zxf). ^&vft^m% 

[0 0 0 83 I nGaNSftHa:. mi^M^i^^tS' 

-M<DA 1 Ga I nN^:«f'f HSt. Ke^fetEtf 
-*t©A 1 Ga I nNi79y H»t, ^t:^^ 

^DKfR^tt, fSttSA^^.^SKiR-r-Stt'bJC. )e©K 

iRMd^iawr -s^its fco ©T* -5. 

[0 0 0 9] 2t:%?g-t?tt, Stt)BJrSfl2:ffU'>Ajfi'fb-S- 

[0 0 1 03 SeJr, ^iafP!»]RBtef§Sa:©x^;i. 

2 Ome Vd^e. 1 8 Ome Vt-r^ 

ifeJt, 3t©KJRfcfiafD-r^feJ6, ^^bfcSib^Sdi 
^&n«»Iia:;5«W6.A^t;5:-3fc. 2 Ome ViO/hSJt 

n«s®i?ig«#e.n;^v^. cin«x:^i;i'=^:-^-wy 

•V' y 1 8 0 m e V 1 , BJfiSftlBftfilBT?© 

x:^.;i'=^£-:^i-Y"yyiltt2 0~1 8 Ome Vj&tJ:Viz:i: 

[0 0 1 13 ^?.fC#bV^;^f^T«s x^;v^-ipr>y 
y**. iNfJCS Ome V~l 0 Ome V©«efflT?«. pliS 
*DK<XS©ffl*a^#*««3ii:J5:S. x:^;i':^-i|£vy 
©M*il 0 Ome VSrM;!^^:, '5IISRlKiKJlT©?tK 

.fcoTX^^;i/=^i-^ir5/7'S«l 0 OmeVKJLTX&tl 
^^^!f*bVi^:^i^«>. S 0~1 O GmeV®<efflTtt, 

{ii»c*fbT^^?icga%M#tt*i#en^. 

[0 0 1 23 ^i't. oJia;^KiKB©#:«Sr/jN^<-rS 

t. wfiafDKJU[ST©=^r-\' u T^a[*$^c±vf sn 

b. ;U©'<7«:feb-S*^ BjfS;^DMB©#: 

¥te#:aib;'5:0©)t©KiDifi*iiiiDb, 
C©=l^vU7IBS«:&S{C±tfSCli:*<T^-5, -^-bT 
gSfB«liir^tO-^-r<, "IgS?nKiR©S&S*iil^i:?^£ 
-5. b;^c*i^T. ^<T^^f.caai^lg^ttS#-5c:<i: 
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[0 0 13] tftt. c:cD*a©/jN$vi 

[0 0 14] z<o^5\zajmi^tRiRmityt:ff-i h'Jl>4'»C 
[0 0 15] Sfe. BrfflfD(RiRS«> pS!3t;«f-f KS, 

[0 0 16] ^%m<Dmm-T;m.mvx\,^^ rx;^;wip- 

[0 0 17] 

[^?Sw*iSo^ffi] £tT, HJtMJc-^v^T 30 

[0018] (Hjficj^ii 1 ) H 1 «*^§go¥#^ 

J*«, (1 0 0) ®®nSS i CS«1 0 l±fC. ->U 
:3>* H-tf>i''L./tnS!©A 1 NA-/7rg 10 2, 
nSA 1 GaN^9y H® 1 0 3 nSG a N3te:^f--f 
Kei0 4n, I n0.05Ga0.95Na^#Fe^iS 1 0 
5 (Jl^lOOA) . pSGaNJt:^-1' K^l 0 4p, 
pSA lO.lGaO.SNi'^y HMl 0 3 p. pSGaN 
n^rJ'i' hSl 0 6*t)H;;^(t}^^SnTV!^-5. A 1 GaN 40 

[0 0 19] pS^7-y KSl 0 3 p^itrfi, 

pmi n0.lGa0.9NoIffifn®iRlll 0 0*<5 0 AJ^jsK 

n>^'i7 hm±izitpmmmi 1 1 tLT 
P t Si C»« 1 0 1 {MlCttna«ffi 1 1 0 t UT 

[0 0 2 0} ^l^rCOU'— !f«liSH, )1$5 0 0;ii 50 
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m©(10 0) S i C««±{r> MOCVD)*ICJ;Df'^ 
SfS. nSA 1 NA*-;;7TeHS i h'->^T3 tfmfK 
Sb. nai7 7-y K*)S i h'-y-CO. nm^t 
K®*)S i H-yTO. 1 Mm<D|gj¥-e$>S, pS 
i^^-;/ KSi3J:Z>'pS!)t:*f-f KSfe-S-n^no. 5 u 
m, 0. l.Atm©J¥3T?S0, K— h«Mg*fflVi 

[0 0 2 1] oi^ft©iRe«, pMi'7-;' i^M'Pizmm 

0 m e VX.^}l'=^—=^^r y :/0/h$ ViC©oJtgfnKiRS 
[0 0 2 2] esb^«?fe^iS»cieci$-&Sfci!&©M;^ 

S®x:^.;i/^-^-\'-/:/^d«4 OmeV/jN$<, Sfe^b 
fcg pM^^^y KBl 0 3 ptfJJCnJ 
SafO^lC^Sl 0 0;dt^^. 

[0 0 2 3] z.z.-r^m^m<DmT^wmfsi^m^ifsLm 

-tpHti. ^-if%SH5©»ji£qi^fi[®x4i;mi-=Pv<i' 

[0 0 2 4] *%?iC9¥^^^— ^tSfDKJRIS 
©K — t!>y^'^;l/Sr5 X 1 017 (cm-3) bT. 

tg*^^tC^i;.SC:i:*«-C€--5, F-tf>y«, 5X1 
017 (cm-3) £K±$>tH-£, U 7©##fl#FBlSri£M 

[0 0 2 5] Se.»C^M«)aiS*±Vf, 1 X 1 018 (c 

m-3) j[^±ic-rn«, UT©*^*«$e.tcM</s 
miw.m<o7fn^m&^ i x i ois (cm-3) &.±iz-rn 

[0 0 2 6] Se{tS«*->'j3>;&-/W f*d^e-y-7 
r-f7lcbfct^©«ig*E3ir3^-r. if7r<T^S 

1 0 0 0 n^GaNn-;;:7rJl 1 0 2 
*->?)pSGaNn>;J'^ 1 0 SiT^rMOCVDfe 

pSGaNH^^'i^ hSl 0 6 
«®©H;f«©{4«»C-77.i'S:^g^bTX-;/5^>yb, n 
S«SSr}^fi£-rS;t4&©nSGaNn>^';j7 hg l 0 9 
SrSlti 

[0 0 2 7] -t-©^. pS!GaNn>3'j:7 HJSi 0 6IC 
«pSeffilll, nMGaN=i>^'^' hjg 1 0 Qt'tt 
n Siliffi «: Jgfig UT tf di^figf 
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[0 0 2 8] (iijffi©jg^2) mm<Dmmi-viit. 'sjm 
mm-c\t, i>m^iJ'< i o 4 pcf3i^M^#F©piia 

?aK'KB2 0 0*Jgj«L.Tt^-5. ■?-©«^feiA> 
10 0 2 9] 0©J;^fr, tf«. Cl©(!fc 

a©/hsviS^#FO"iiaaKiRS2 o o 3rt:^-r h 

■5. 

[0 0 3 0] mm<DMmi. 2-c«. 

•SPIMSi:, I n0.05Ga0.95Nj5^5.;^^#FSi:®^ 

»SM<t«. SfeS-ttMlC^ I nxGal-xN (0^ 20 
x^l) . K)llC«A IxGal-xN (O^x^ 

bT, AlxGaylnzN (x + y + z = l> O^x^ 

1. o^y^i. o^z^i) ^£^v^-5eit*«-r€r«), . 
[0 0 3 1] mm<Dmm s ) ^mmo^mwi, h 

L/fct)©T?$.S. ^fb^^ (S i C) 

fflV^TV^ S i C«. ^silH— t!>i^tCj;t)nSt?S:o 

?£fflVifcGaNJ^¥^flfB^^^(C-:?ViTltt^-r-g.. 

[0 0 3 2] EStC^fi^C nSSiC«S7 0 2 
±tr, W«a^M^ffifi£S (MOVPE) }£SffiV^Tii^«(^^® 
0»fflfi£«^ff-5. ^-r^fflBSSlr^fei:-^, 6HS i C 

^b&«, 7 OTorr®7KS8SH^C*V^T 1 0 5 0*CT? 

Tfflv^fcs i cmmt (0 0 0 1) M©®:&ci*^e. 3. 

5S> [1 1 -2 0] ;^fS]lcM«f(-bfc»ST*5. 40 

[0 0 3 3] 10 0 ox:\zf^m.vrc^. 

7>^-7>£2. SL/^J-CDM^Tl^^^J&b, 
ffl^r^'fkbi'S:^, hU^?;P7;l'5-'>A (TMA) €: 1 
0 M ^rJl'/'i)-. 7'>^:— 7S:2. 5L/^J-, ^:y5'9> 
(tKSR'^-T. 5 0 ppm) €: 1 0 cc/4J^, ^^rO 7*^* 2L 
^ /^^-^tX^nSSbTn^A 1 NA'-y^rJl? 0 3«r2 0 
OnmJtWr^. /'^y7r®=£nS!<!:b&<:Dfe, S«»C 

rs/ta&Ta&s. nSiA 1 Nz-^y^rStt, looot: 
OitifaTJ««bTVi«.OT. igffi^|i(|3i*'>fj:<««¥i^ 50 
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[0 0 3 4] :k\z. hUp^^'-'i'TJl'Snr^A (Tma) w 

5^;W;^U':7A (TMC) 2 0 M ^:/->7> 
(^^'^-T.S Oppm)*! 0cc/:J}'. jfiJabT^tl&b, n 

-AID. IGaO. 9Ni^ 9 y KB 7 0 4 €riiat"5. 
[0 0 3 5] 'MiZ, TMA©#^i^®^Sr^?±b, n-GaN;^'r 

h'B7 0 5 n€rJtab:rc^, TMGBcZ^^:/ 

©*-&^?jhb. T>^:XTi:^^<^il-a-|?B^4'-r7 0 

oncfcf^jabT— ^jai[ic:teo/t^, hU;<5^ji''r>-:^ 

'PA (TMI) ^£ 2 0 0 M^rJU/^J-. TMG=£ 2 0 
#^if&bT. 7'>h* — T'lnO.OSGaO.BSN^FS? 0 5w€r 
Snmita-r-S. n— G aN:^f-r HSilWib^ffl^T, T> 
K— ::/GaN|$S)M7 0 5 b&S nmjlKfib, #FSt 
ieM)li:<^Jt03gbtCJ;D, G aN^MJit I nGaN 

[0 0 3 6] #«ST#F«iioa^©#Flg'£3^fKb 

x;WVi'':?^->':7A (Cp2Mg) ^0. 1 M^JW/^J-WiSpb 
Tp-GaN^tf-f HB7 0 5 p^JtafS. 
[0 0 3 7] 5^CIC. SSf*TMA&*ff^n-A10.1GaO.9Ni'^ 
•y KJitRiSEfiTi6iOb. p-AlGaN»l©^9-y 7 0 
6 aS^ISIb, »«}a^*6 0 0*CtCTlflfmMG, TMI 
S,ZJfCp2Mg4#tS&bTp-lnO. IGaO. 9NBliafDKiR® 7 0 0 

p— A 10.1Ga0.9NS2©i7^«/ H®7 0 6 b&*S 
[0 0 3 8] ^-O^, p — A 1 GaNi7^-y Kg±{C, 

s i 02-r;^^«J^^b> lfiiR^f;^:feJ;tf*^:«f7.®«l 

^:^tf7.*X-y^>-y:W7.i:bT, H^-1'X-y^>y^fT 
5. P-Al GaN^2©i'7y 7 0 6 b«, p- 
I n G a NBjgaSlSftiR® 7 0 0 *T?X';/5=->i^f S**. 
H^-f Xy^>i^T^2©^5y HB7 0 6 bS'T'^T 
Xy^>;yi^*-rS®-T?«;ii<» (DCDO. 2=.i7U> 
S-CT— SH^-f Xy^>i^*{!?±b, 'i'XA«:H7'f 

xy^>i^^e*^e.®ouibT, 1 0 0 anzufi>ftmr) 

A/K»CgU H^-f Xy?^>i^T^Dfca^^-5?)l«:-^ 
tf, ^D®0. 2 Si7P>*l^*t"S. 3:®J:5icb 
T. p-Al GaNm2©i7 7«>' h'e«:. ^-rttH^-f 
Xy5^>i^-ri^*bfc*t, ei^n^ViT-^X-y hX'^^ 
>yt?l»*-r^ Z.fC, U <y 5?®M<H'J® BjfiSSliRJR® © 

[0 0 3 9] ^:®oJfiafo®:JK@7 0 0 «X-/f^>i7'7. h 

•v/'^stbT'bftiffi-r-s. ii®stt. A 1 €:-§■^TVi^^t 

V»©-C, S0A/iEI-«X-v5^>iy^nir< <. 112 ®i7 
^ y 7 0 6 b t BlfiSfDBft'RJl 7 0 0 t(Dm^it^ t 

[0 0 4 0] Z:®^, S i 02-7Xi!7S:-5-®S^;HVi 
T. n— A10.2Ga0.8NmSit:/n-y^/i 7 0 7 ^2© 
i'^y HS7 0 6 b*^e);iiS'J 'yi?<DmMizM^^&T 
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n-A10.2Ga0.8N«8K:/Dyi5'®tt. p-A 1 
0.1Ga0.9Nm2CDi7 7<y HS, ^ 1 KSJ; t) 

T, J;oT, a*T^©ii5Vip-A 1 GaN^2i' 

5y KH7 0 6 b©TirBHi;2lfeO^-r<, H5t*3I» 

[0 0 4 1] S i 02VXi7*|ISf*b. pS!GaN:<f-f 
HB7 0 5 pii^D*fl=T. pS!GaN=^-Vy:^S7 0 10 

X 1 0 18CB-3T*S. 
[0 0 4 2] pMn>^'i' hg7 0 9$:pS 

G a N i GaNJ:»3>'"^>K^-\'>> T'CD/hS I 

nGaN*MV>T, pS[«ffii:0:t-S i^glttSBlt) 

Ot:JCL/Tv TMG. TMIRa:Cp2Mg<£#ti?&bT> p-InGaN* 

ners. p-GaN^^-^- vym? 0 8 (Dmmmz. n> k 20 

^■^y >''®/hSVip-InGaN7 0 9 ^itft-rSJl i:»CJ; 
pM«a (Pt) i:W->3«y h+-»M«re«$-& 

[0 0 43] p-lnGaN«. p - I n G a NSJft«^> 5 
00'C®70Tor r «ffi**^Hm4'-r5»«lS&ff 5 

^^ffl^T?*n«4 0 o'C£^±©i^MS-rpS©fiimt: 
T >^-7 t7Kiiio)!i-§-i?fflm-e 5 0 0 -c STj^a 30 

[0 0 4 4] a^lC. nS/S i C*«7 0 2MICTi*ffl 
ViTnS!«ffi7 0 1 S;. p^n >^'^ KM 7 0 9 Mir, 
P tmaSfflV^TpSmSil 4 1 2€:J^fiE-r«.. PtS 

a^;'5:a*«. P ttttfc*i5«i:A<:fc^<, pSGaN-^ 

p- I nGaNC0pM3>^'i' hJ17 0 9 tOf^MSr/h 

$<T-5fcJ6-rs^. Pt©a*\ N i t p t 

[0 0 4 5] £A±©J:5ICLT^^bfc^— tf^ifi<D>> 

c»««&5*^i;ie>«a*^e,w^$n, 2 o o 5i7a> 

»r?i-DTViS, 's#dHi-r-5>t*ir«, S i CS««. 

2 0 0~3 0 0 5i7P>Sa£(rbT*J<O*i»SbVi, 

3 0 0 S.i7U>i:.y)±^\f^t^'^■i)•^^,^<Drclsb\Z±^ts.^>. 
M^iH^mtttO. *fc2 0 0 5irD>J:t)/h3V^t. '^^ 

SA^?>Ti&S. 50 
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[0 0 4 6] ^^*^ViNr<0'v#*ni«):^|pI«, S i CS 

[0 0 4 7] 0 9»C*3ViT. ^^JgSgig®©i^a«jg$:^ 
SWlC*e,tebfc0-C*S. A-B«S«^®-t?*0, 

(0 0 0 1) B©S:*ffi*''6.3. [11-2 
0] :fs\fli\zm.i^L'X\f^^zLlii)^t>i>-^^. ElOtt, c:cD 

tFO«|^^0T*»3, (0 0 0 

1) iS®H*ttd^e.3. 5M[. [1 1 -2 0] :;^r6llC« 

fJc^Jw (0 0 0 1) B®S:;&fi5:*^6[i 1 — 2 o'\:^(^ 
^3. 5i!«ViTViS©-c, B:*^iBi:6^5A:3^rBiir^:^« 

(0 0 0 1) S:*^IoI^cal^^?b^v^ 'vird^v^tc 
t>T. 'v€-d^v^«Bo:^F[aid^e.A:&r^»cf^*^-DTfT5c9 

T$>-5. ^Itltt, S i CS«JrRl?,-r, GaAsI?©^ 

(cii-ctt, (0 0 0 1) ®) 

^lS*i/h$<;S:.5:)5-|o] (ci^i-r^B) d^^, M^bxv* 

[0 0 4 8] -.^dHibT^E&JgfiKbfe^, ^^S^S^ 

i 02]Ki:A/4©8l[]^©S i NKS l^»3i:bT, 3 
MSiaSb, Slt^&7 0/X— fe>l>i:bfc. SiOflg 
*J;rXS i NK©S»»rtt. ECR;;^Ay^'jS*^V> 
It. 

[0 0 4 9] ^^i.ftu-^m^izm^mx^m^u— 

[0 0 5 0] 2^^ifi©J^^©J;^IC, nS!S i C»«7 
0 2-htr, i«ia-Cliab&<£JaJfE;i&:nSA 1 NA'<;;:7r 
m? 0 S^SiM^-^^ZLlZ^-oX. «e3f€©J;5;^j:pMn> 

'^^SinuK, mmm<D&mmmzm&^i&eSi-rtnt^ 

[0 0 5 1] KStbTS i C«^«$:fflVifcii*{C 

<£, (0 0 0 1) d^e. [1 1 - 2 0] :;^[^{C3. 5^ffi 
^bfcW^bfcS««:fflViTV^^. Z.rHt. S i CJ: 

tc, mzMGim&^mm-r^m^iz, -^©^awTm 

-ttSa^fflrf «fc«6T?i&-5. 01 Itt, ftlWfcAlGa 

N©A 1 ©mfi£. iKE*ftlCA 1 G aN©*®77:^iXS:i: 
ofci^*-p*S. (0 0 0 1) v'-vXh^SS 

fflv^;^:«^T$.o, 3. 5m<Dm^m&m\r^ 
;^^<^£0, mm(Dw-m.mziKi-f^:itizt£^. z.<d% 

W^^cDVcmz^r) . M^«&fflv^«.<!:Alffi^£d^3 0 




( 7 ) 



II 

[0 0 5 2] o^tr, mmMm^m.mz. 
m^M&iii-o<izLitm^fi^-$<fsiO. i^dve. i ss. 

Si 0 i n * .t V i d t *3 o T I i . 
[0 0 5 3] pSA I GaN»Sf^iH-r-5« 

(0 0 0 1) v'-frj^hSSSMViS^iA 1 »J^®lg 10 
JD fC i ?i p S K- A > h -CS -SMg^St 0 ii Sn^*« 

H— A>KT35SMg©A 1 GaN^CD 
SlOaStl^S^b, «Stt«> A 1 GaN©A 1 mj^Sr 

[0 0 5 4] ;:niwJ;0 pSh*-/t>l>cD«S*;^^< 

[0 0 5 5] **iSM-Ctt, «#*««*fflViTV» 

^>■65^ (0 0 0 1) v'^X hS««rMViTt), 

s<T?€r«©T?, 9tyem^<oW}fpms.<Di&miz\mski!>i 

[0 0 5 6] 3:©*ia©Jg|8T«. pJiSfDKJKStb 30 
T. pM I nGaNS&^V»TVi^*t, nSilnGaN 

-i^SO. p— A l G aN^ 9y 

[0 0 5 7] vmoimfamumizit^x. nm^mm^ 

JRB«. ^iK<lf!i«ft*lx 1 0 20S«*-CiS;<T?#S® 

nSBlfiafOKUl^l-. 1X1 018cm-3S^Jil_b©^ijl£ 
^-)l^^-=¥'ry:fmt. o~i 8 OmeV-ea&n«J;v^, 

[0 0 5 8] nS!®fcJe)<D^tti»«>'Un>&ffl 
[0 0 5 9] $e.fcc:©^JS©ifgfilT«, UlcOpS!^ 
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il. Z nO®J:^(C3 8 0~4 5 0 nmOJtSKiR-rs 

[0 0 6 0] mm(Dm^4) m4<Dmm<Dmmizj;:^ 
^mi^]y-if<Dm7&mm^mi 5 (a) trs^-r. 
[0 0 6 1] ro 0 0 ij A^f) [1 1 -2 0] :;^fRitc 

3. 5K«;^bfcnSiS i CS«1 5 0 2±IC, nS!A 
1 NAyy r® 1 5 0 3 (/PS 10 0 nm) , nSiA I 
xGal-xNi^^'>' KJl 1 5 0 4 (jPS 1 tim) 
■5. A 1 N©sa^tfcx*«:*;$<;S-£.SA 1 GaN®x:^i 

[0 0 6 2] fSMill^:g«SI(ie>-S ^&f£® 1 5 0 5 (j^S 
5 0nm) © I n. G a,-. NCD I nNOffijsgtt z 

«:4 1 0 nm (Sl-fe) lc-r«i:z = 0. 15t;fet)>x 

«o. id-'S.o. 2m&^m\^^z.t\zi3.^, 

[0 0 6 3] 1 0 5®_h»C«pSA 1 yGa 1 - 

yN^l®^^'^ H® 1 5 0 6 (iPSO. 2 /zm) . p 
m.1 nO.2Ga0.8NBlfiaflJBftiKBl 5 0 0*5J;Z^nSA 
1 uGa 1 -uNttSS:/n';/^gl 5 0 7;eii&t), 15 
0 7 \Z\t I iS^ib 10 um<Dm^nim^mSLM 1 5 0 0 »C 

5 0 7©J¥$«0. 7 xiintrftS. «giEKr.®nS!«8iE 
r/n-vi'® 1 5 0 7 {rffiSnxMPSCo^-tcgEn. MP 
8Bi£T®fiHS®l 5 0 5©*lc8Kn-5J;^tbTVi^, 

[0 0 6 4] MPSi5rtinS!«8SrP«y^®J:lC«pM 
A 1 vGa l-vN||2©i795/ HB (i^J^iSi©;?* 
0. 5 Mm) Cl^l-e, u>y, vlrfjSi^fc 

•r«Ci{cJ;t):/nyiJ7® 1 5 0 7©JBSf**i. ^i© 
i^7';/H»10 6, m2i77!y H»l 0 8©®*(f*J;0 

d^s<;^^©-c, m^m\zw-ni3^\zm^^\:'Th'sbi^n 
xm9xmm.\zi^^%mmt.-f3.r). ^m(Dts.\>^v-^-^ 

[0 0 6 5] HSr^litt, MP8l5®i|Sfe5i?ltbT0iS-r 

*SSM©J^^©ct5ir. MPgB*i*n ~8 wmx 
$>n«. MPSBiaTroSlfili:. ?^|Sp)lT©S14llt© 
H&f^M (Stt®©II^H^B^«) «. 0. 0 0 3~ 
0. 0 2®«HlcabSilt*<»ibV^. ■5-©31*tt, JB 

[0 0 6 6] mi<Dvmif^v HSl 5 0 8©±lr«. 

p^GaN^-V-y^B 1 5 0 9 (J?S 0. 5 //m) , 1 
XI on/ cmZ&,±(D-^m.S^WiS.<Ov^G an^y^r 
i^YMlSlO (JPSO. 5wm) HSIl 0 1 

til IdinfiiJtpfflatcS-'erJ^fiesnTVi-S. 1ffi#!|sf 
ISnfddiT i i:Au-C, pfflW^N i tAu-e$.-5, ifc 

nmm<D^tmiiits \ . pSB©^iif6*fe«Mg-cafes. 




13 

[0 0 6 7] mnm<Dmtpmi7^y\imtm^m<Dm 

f SCOT. mmf3:mizw^^-r^'Z^mi)^&^, ^hmmt 

0. 2 5tbfc. ^fc, y tyr<DmitxtmUO. 15 

[0 0 6 8] dwi^ir-r-sct-e, pi77.y 1 5 

0 6, 1 5 0 8 (A 10. 15G a0.85N) t. •fUyi;m 

1 5 0 7 (A 10.25Ga0.75N) tCJ:0, fifttSir^ff 

[0 0 6 9] *S|JfiMT!«> (0 0 0 1)A^&[11- 

2 0]:^r6i(c3. 5SM^«SrfflViTViS, 

S i C±1C, #lCAlGaNiia«rJt«-r-5*i^lC, 
fflcmttSftfiPlCf «;tJe>T?*-5. (0 0 0 1) 

M^AS**. 3S.-b'^^12S.^-i:i)t. ^m^kifi^mz^ 20 

[0 0 7 0] ?5::fe. *lliSM-t?«, M^SSMV^TVi 
•5*^ t>■65^ (0 0 0 1) h»ffi*«ViTt>J: 
V>. 

[0 0 7 1] *f8§8©!3'J©lliS«^T«:/'n^i^gl 5 0 

7trZ nO$fflV^-5. Z nO«G aNi*&?^^ISc*<jfiVi 

^tU'^i^cO^fijOSttSiWJB^^Mtt, 0. 0 03 
~0. 0 2©«effl{C*Si:t**ifF*L'V%. ZnOfiA^T 

[0 0 7 2] $e,lC. ffittUCDl'— ?f^=£KiR-r-SJ:5 

ttS;it>bT#.5. m^\t. SttBtCI naGal-aN 40 
(0<a<i) *ffli,ifci:#lc, z.<Dm^ri^nyv^ 
•^--yyO/jN^ViJlT^S, I rib Ga,.bN (0<a<b 
<1) "^i'SfCfflViSCl tic J; 0, 

mS$rnS!i:-rs^:i:T, U <y >'SI5IC*4'$-ti-, 

SttST©«8S/2:d< 0 **^cvi J: 5 tc "bf -5 C td^T^ 

[0 0 7 3) Sfefg1£li«, I nGaN*fflVifc*l^lC 

-rJV^TUJB^L-Tl'VSdi. Ell 5 (b) ©i^lC, nS^ 
7y K®1 5 0 4i:pSlllOi/7y f^S 1 5 0 6 tCD 50 
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ffl«, ffiliS 1 5 0 5 tbT. nSGaN^:«f'f Kg 1 
5 0 5 n, I nGaN#F® 1 5 0 5 n, GaNPIMB 
1505bi:pS!GaN®150 5 p tlC J: »3iBlJ*Sn 
•S^ttS^ #F«jtT«. o T t) J: V\ 

[0 0 7 4] (*li©J^^ 5 ) *a^«^ffi^fi MOVP 
E) ftS:fflViTi(S*^S«:ff'5. f^Sto-fe, *-r«ffi^ 

-ilCiaeb, *^g^Mbfc^7 OTorrCD*^^H^(C 
^V»T1 0 5 O-CTl 5i)-H3jnf^Ua«*®i^U--> 

[0 0 7 5] '^\Z & 0 O'CSTJ^aibfc^. T>^:— 7 
*2. SL/^J-WSgMTl^J-etl&L, S«^®$S{tb 
h'J><?^;i':«fU'i7i>, (TMC) «:2 0 

T#i^a<^^®GaNA*<;/:7rJl«: 5 0nmJt«-r-5. 
[0 0 7 6] ^tCTMG©tti^O^&^±L. iagg*9 5 
0'C*T#Sbfc^, TUG* 2 0 tf^;i'/4)-#ti!©bTGaN 

[0 0 7 7] i>:lCTMG*P«&b>^*«f,»«iaS* 1 0 5 

or, 1 0 9 Q'x^\z^m^\zmMiVxQzmm^m^m 

^fS. iJciC, §f)»C^:/->7> (*SI^— X 5 Oppm) 
SrlOcc/^)-, h'J^g^;l'7;i/'5r:^^ (TMA) ^2 u"^ 

;p/^i-jaiDbT#feif&L, n-AiGaN^^y HJi*ita-r 

S. 

[0 0 7 81 ;^:JC, TMG. TMAaZ/^:/'>^>CD#tiS&®;«». 

7>^::::7t7fc^©S-&gffi«4'T7 0 or 
ICl^SbT-^MSlC^Sofcm. hU^5^;>-1'>>'^7A 

(TMI) &2 0 0 p.=^)V/^. TMG* 2 0 M 
bT. InGaNjgftCDS^tS 1 6 0 5 1 Onmitifigf -5. 

[0 0 7 9] :^ic, TMA, im^mtztmrnm-c. se.tr 

->i7D'<^>5'i?X-;i/-Vt74^->':7A (Cp2Mg) «rO. 1 
tf^;i^/iJ-#ti|i&bTp-AlGaN^l©p^i7 7-> H® 1 6 0 

T, mz. TMGS.a^p2Mg©«$&«:<?jhb. SffifSS^: 6 

0 oriCTVffimMG, TMlS.7/Cp2Mg«:#tiii&bTp-InGaN 
'^ma^Um^Wltit^. pS! I n G a N RfeSi^KiRg 

1 6 0 0 *itat-«. I niaj««. 

bTVi-5. 

[0 0 8 0] $e»C^l©oIiafDERiRJi©-h»C, mi©p 
Si'^y h'Stl^i;*#T, p— AlGaN^^yHS 

1 6 0 6 b^ita-rs, z.<Dmt. iiis©^s8 3 tjzB'^ 

fcJc^lC, S i 02VX;^$:Jgfi£bTp— A 1 G a Ni7 

OViT«, IIJS®}g^3TI«?gbfe©i:|5l:^T*5. 
[0 0 8 1] ;i©J;5lcbTU v'^f^figb, fl;SS:7'n 
y ^'g 1 6 0 7Tiia^)Ji^fc**<i:. SiOVXi:7i£^^ 
bT, p-GaN+l'-yT'gl 6 0 8, pi!GaNn>^'^r 

hgi 6 0 s^itars. c:nicj:o. ■y-^r'fT*^ 

T#-&. 
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[0 0 8 2] (nm<Dmmi6) -y-^r-rTSS^MVi 

U—if\tm 1 7 ©J; 5 \z-fsi^. 
[0 0 8 33 S«l 7 0 2i:LTA 1203 (tJ-^r-r 
7) SriaVi, My ^rBl 7 0 SfrttGaN® 1 
OOnm) ^MV^TV^S. ^©M^tt, SlS^raUT 

[0 0 8 4] nSi^^y 1 7 0 4$2 Mmti»< 
L, Uyi^^JaVigB^J-SnSi^^y HSl 7 0 4*W$ 

7 0 1 ^rJgfigLTViS. gttB 1 7 0 5 lC5izfx:!5TnIC5ffl 

::;^isi©JiSf*lltt, o. oo3~o. 0 2©ieffltc*.5 

[0 0 8 53 
[BSOfllr^;^!^^] 

[E 1 3 HI <DmmM(D¥^mti^u-if<Dmmmm^ 

(H2] l|lCDilM«»l®A>h*^^y>^x:t.;U^i-EI 

[HS] Hi©siifiMTS«*-y-7r-r7fcb&«^© 



[0 4 3 fl2<D*iEM©*^#:k-ifCD«3fiSff®S 
[S5] H2©SIMM©A*>H^i-\'yyx:^.;W^-E 



10 



30 
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[SI7] ^^m(Dmm<Dmm(D^mi^u-'*f(Dmm.ms 
[08] :i^%m<Dmm<oj&Wi(Di^mi^u—*f(Dmj&T.m 



[09] '^^5i:;?rSiS3e?a-rs»fS0 

[010] '\#M:!^|fiJ*gft§g-r-5WfB0 

[0113 m<tmMm&^m\^^tzm'^<DAi ghn^b 

[0123 ^{fc^^S«©«^^lSt A 1 G a N^M7 
[013] ^fb^^SffiSM Vife«-&cr) A 1 G a N 4'© 

[0143 ^^m<Dmi&<Dmm<Dmmtiii^-'tf<Dmj&m 



115] *ie^©^©J^fi8®if£^#:^— lf©#|jS»f 



[016] *%^©*i85©JgS6©¥S#:^— tf©«lifi»f 



[017] :$i%m(Dmi&(omm<^¥^mi^u-^ff:>m&m 
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1401 nsisicx<& 
1414 nii«« 
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1508 l|2(DpS17^vt^J| 
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